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Introduction
Rho kinase (ROCK) belongs to a family of Ser/Thr protein kinases that is primarily activated via interaction with the small GTP binding protein RhoA. Growing evidence suggests that RhoA and ROCK participate in a variety of important physiological functions in vasculature including smooth muscle contraction, cell proliferation, cell adhesion, migration, and many aspects of inflammatory responses (Riento and Ridley, 2003) . Two isoforms, ROCK1 and ROCK2, have been identified (Ishizaki et al., 1996; Leung et al., 1996; Matsui et al., 1996) . They share significant sequence homology in the kinase domain (>90%) while the regulatory domains at the Cterminus show significant divergence (Riento and Ridley, 2003; Rikitake and Liao, 2005) .
Both are ubiquitously expressed in various human and rodent tissues. Mouse gene knockout (KO) studies suggest that ROCK1 and ROCK2 have non-overlapping functions.
The ROCK1 KO results in developmental abnormalities in the eye lids whereas the ROCK2 KO was associated with placenta defects and failed to develop to term (Thumkeo et al., 2003; Shimizu et al., 2005) .
ROCK activities play pivotal roles in modulating tonic smooth muscle contraction in various tissues including blood vessels, bronchial trachea, intestine, carvenosum and bladder (Leung et al., 1996; Wang et al., 2002; Wibberley et al., 2003) . It is a major player in enhancing the calcium sensitivity of smooth muscle by phosphorylating the myosin binding subunit (MBS) of myosin light chain phosphatase (MYPT), leading to increased phosphorylation of myosin light chain (MLC) at lower intracellular calcium concentrations, thus maintaining tonic smooth muscle contraction (Amano et al., 2000; Somlyo and Somlyo, 2003) . In addition to its role in smooth muscle contraction, ROCK This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on October 3, 2006 as DOI: 10.1124 at ASPET Journals on April 4, 2017 jpet.aspetjournals.org Downloaded from may also participate in diverse biological functions by phosphorylating numerous substrates such as adducin, ezrin-radixin-moesin (ERM), collagpin response mediator protein 2 (CRMP2) and sodium hydrogen exchanger1 (NHE1), thereby affecting a wide range of cellular activities (Shimokawa, 2002; Riento and Ridley, 2003; Hu and Lee, 2005) . The mechanisms associated with these ROCK-mediated biological functions are just beginning to be elucidated.
Increased ROCK activity plays an important role in the blood pressure regulation and the development of hypertension. For example, enhanced ROCK activity as evidenced by increased ROCK substrate (MYPT) phosphorylation was observed in spontaneously hypertensive rat (SHR), DOCA-salt induced hypertensive rat and other rodent hypertension models (Seko et al., 2003) . SHR and DOCA-salt induced hypertensive rats represent two subclass of hypertension: high renin (SHR) and low renin (DOCA) form (Pinto et al., 1998) . The enhanced ROCK activity in both of these models suggests that this is a universal feature of the vasoconstrictive state observed in hypertension. Two widely employed ROCK inhibitors, fasudil and Y-27632, have provided preliminary but compelling evidence supporting the potential benefits of ROCK inhibition in animal disease models and in clinical trials. For example, administration of Y-27632 reduced blood pressure in SHR and other models of hypertension (Uehata et al., JPET#110635 7 functions. Here we describe aminofurazan-based compounds that are novel and potent ROCK inhibitors. Our results demonstrate a good correlation between the potency of ROCK enzyme inhibition with the efficacy of smooth muscle relaxation. These aminofurazan-based ROCK inhibitors also inhibited cytokine production in macrophages.
In addition, we further demonstrated that these inhibitors had vasodilatory activity and lowered blood pressure in spontaneously hypertensive rat (SHR) and DOCA salt-treated hypertensive rats.
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For IC 50 determination, test compounds were dissolved at 10 mM in 100% DMSO, with subsequent serial dilution in 100% DMSO. Compounds were typically assayed over an eleven point dilution range with a concentration in the assay of 10 µM to 0.2 nM, in 3-fold dilutions. For dose response curves, data were normalized and expressed as %inhibition using the formula 100*((U-C1)/(C2-C1)) where U is the unknown value, C1 is the average of the high signal (0%) control wells, and C2 is the average of the low signal (100%) control wells. Curve fitting was performed with the following equation Assays for determining inhibitory activity were performed in opaque, white walled, 384 well plates, in a total assay volume of 10 µl. The assays contained: 1 nM ROCK1; 1 µM biotinylated peptide (biotin-Ahx-AKRRRLSSLRA-CONH2); 1 µM ATP; antibody, and the entire cell population is passed through a magnetized column.
Unlabelled monocytes pass through the column, and are collected, washed, and plated into Costar 24 well plates. Growth medium is RPMI-1640 with 2 mM L-glutamine, 5% human AB serum (Sigma), penicillin-streptomycin (100 U/ml, 100 µg/ml final concentration), and granulocyte-monocyte colony stimulating factor (G-MCSF) at 1. to differentiate in culture for 6 to 8 days prior to experiments, and reach nearly 100% confluence and purity.
Similar to smooth muscle cells, these macrophages were serum starved overnight and stimulated with LPS (100 ng/ml). Expression of IL-6 mRNA and protein were measured using northern blot techniques and IL-6 ELISA. Supernants were also analyzed for TNF-α expression using ELISA. ROCK inhibitors were added 30 minutes prior to stimulation. Cellular RNA was isolated for Northern analysis while supernatants were used for cytokine measurement. RNA isolation and Taqman and ELISA measurements were performed as instructed in manufacturer's protocol and published procedures (Sambrook et al., 1989) . All cell culture experiments were repeated at least three times, and representative blots are presented.
Immunofluorescence for actin stress fiber formation and confocal microscopy.
Detection of actin stress fiber was monitored using Rhodamine phalloidin as described by Ueda et al (Ueda et al., 2000) . Upon the completion of staining, slides were examined using argon laser in a confocal microscope (Olympus, Melville, NY). The images were taken at 40x with a PMT voltage of 664, gain of 1.6 and a 4% offset, with a procedure similar to an earlier study (Grygielko et al., 2005) .
Aorta relaxation assay. Rat aorta contraction was performed as described (Behm et al., 2002) . Male Sprague-Dawley rats (350-400g) were anesthetized with 5% isoflurane in Blood pressure (BP) measurements were performed using a telemetry system as described (Ju et al., 2003) . Briefly, male SHR (8-10 weeks of age) maintained on a Paul, MN) was implanted. The transmitter catheter was inserted into the femoral artery and advanced into the lower abdominal aorta. Baseline measurements of systolic and diastolic blood pressure, heart rate, and activity were obtained 1 week before experiments.
Recordings were obtained each week thereafter for a continuous period of 24 h with data acquisition of 10-s averages every 5 min. ROCK inhibitors (SB-772077-B and GSK269962A) were administered via oral gavage and BP responses were monitored immediately following drug administration. 4-6 animals were examined for each dose in treated and vehicle group.
Statistical Analysis. Maximal blood pressure changes were analyzed for statistical significance. A two-way ANOVA analysis was performed. Significance if indicated was compared to the vehicle response. P value was described in figure legends. All statistical analyses were performed using Prizm (GraphPad Software Inc., San Diego, CA) and P 0.05 was considered significant.
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Aminofurazan ROCK inhibitors relax contracted blood vessels in vitro. Inhibition of ROCK has been associated with relaxation of constricted smooth muscles. We examined the effect of SB-772077-B and GSK269962A on contracted rat aortic rings in tissue baths.
Both SB-772077-B and GSK269962A profoundly reversed the tonic tension generated by phenylephrine ( Figure 6 ). The relaxations were highly dose-dependent with IC 50 s of 39 nM and 35 nM for SB-772077-B and GSK269962A respectively. In comparison, Y-27632 is significantly less potent in this assay with a IC 50 of approximately 1.4 µM ( Figure 6 ). In addition, the relaxation induced by SB-772077-B and GSK269962A are reversible. Washing the treated aorta will restore the contractility to KCl as well as phenylephrine (data not shown). This is consistent with the reversible nature of ROCK inhibition by these compounds.
We also examined whether ROCK inhibition potency correlates with the potency to relax aortic rings. As shown in Figure 7 , eighteen aminofurazans were examined with a wide range of potency (from < 1 nM to ~1000 nM) toward ROCK1 and the results revealed a correlation coefficient R 2 =0.65 in linear regression analysis. Since the effects on aortic ring contraction require cell/tissue permeability, some of the variability observed may be due to the differences in cell membrane permeability. Figure 8C ). For all three Rho kinase inhibitors, the reduction of blood pressure was accompanied by an acute, dose-dependent increase in heart rate, presumably due to the activation of baroreflex mechanism. These results are consistent with the hypothesis that ROCK inhibition induces vasodilation in vivo by relaxing vessel and reducing total peripheral vascular resistance.
In addition, we also evaluated the effect SB-772077-B on blood pressure in normotensive SD rat and DOCA-salt induced hypertensive rats. As shown in Figure 9 , oral administration of SB-772077-B at 1 mg/kg profoundly reduced blood pressure in DOCA rats. The reduction in blood pressure was more acute and dramatic in DOCA rats than in SHR, with a maximal decrease of approximately 60 mm Hg reached at approximately 2 hours post dosing. The maximal decrease in blood pressure in DOCAtreated rats is more than the maximal decrease (~ 40 mmHg) in SHR at the same dose ( Figure 9A ). An increase in heart rate was observed following oral dosing in DOCA rats similar to that of SHR (Figure 8 ). In comparison, oral administration of SB-7720770B in normotensive rat (SD rat) induced only modest decrease in blood pressure (~ 12 mHg) ( Figure 9B ). Whether ROCK-mediated p65Rel phosphorylation is involved in suppression of cytokine production in human primary macrophages warrants further careful analysis.
Aminofurazan ROCK inhibitors exhibited good oral activities in rat models of hypertension. SB-772077-B and GSK269962A potently reduced blood pressure in both SHR and DOCA-treated hypertensive rats, while having a much smaller effect on blood pressure in normotensive animals. These results are consistent with the hypothesis that enhanced ROCK activity contributes to vasoconstriction and elevated blood pressure in these animal models. Concomitant with blood pressure decrease, acute increases in heart rates were observed for both SB-772077-B and GSK269962A in a dose-dependent manner. Interestingly, as compared with these two compounds, Y-27632 induced a more dramatic increase in heart rate with doses that had comparable effect on blood pressure Aminofurazan-based ROCK inhibitors demonstrated a concentration-dependent relaxing effect on these vessels. Vasodilation (% reversal) was defined as % reduction in tension from phenylephrine-treated pre-constricted aorta based on tension tracing graphs. An average of 4 aorta were tested for each compound at various concentrations. 
